Background: Single-incision laparoscopic right hemicolectomy (SILS) has long used in surgery for a long time. However, there is barely a systemic review related to the comparison between the SILS and the conventional laparoscopic right hemicolectomy (CLS) for the right colon cancer in the long term follow-up. Herein, we used the most recent articles to compare these two techniques by meta-analysis.
Background
Conventional laparoscopic colectomy was reported by Jacobs in 1991. This procedure became increasingly popular in the clinic. Conventional laparoscopic right hemicolectomy (CLS) can decrease postoperative pain and accelerate patient recovery [1] . Additionally, laparoscopic trocar can cause severe trauma to the abdominal wall and hemorrhage at the port site. Single-incision laparoscopic right hemicolectomy (SILS) was invented by Remzi in 2008 [2] . A single incision can complete the operation and facilitate the removal of the specimen. According to the previous studies on SLIS and CLS, SILS has some advantages in safety and recovery [3] [4] [5] . However, there have been only two meta-analyses comparing SILS with CLS so far. These analyses were reported by Vettoretto et al. and Dong et al. in 2013 and respectively. Vettoretto et al. found no significant difference between the two techniques [6] . Dong et al. mainly focused on right colon diseases (including Crohn's disease, polyp, and inflammation) and found that SILS had the advantages related to incision length, hospital stay and blood loss [7] .
However, considering SILS and CLS, which surgical method is more suitable for the treatment of right colon cancer? Does SILS have more advantages than CLS in right colon cancer treatment? Could SILS replace CLS to treat right colon cancer? In this paper, we will focus on the right colon cancer and perform a meta-analysis to evaluate the effects of SILS and CLS on patients with right colon cancer.
Methods

Literature search
We performed this study according to the PRISMA guidelines (Preferred Reporting Items for Systematic Reviews and Meta-Analysis). The criteria for the guidelines included patients, intervention, comparator, outcomes and study design (PICOS). Population: patients with right colon cancer; Intervention: SILS or CLS; Comparator: clinical and pathological outcomes of two methods; Outcomes: clinical and long-term outcomes were expressed as the standardized mean differences (SMD) with 95% confidence intervals (95% CIs) for continuous data and relative risks (ORs or RRs) with 95% CIs for dichotomous outcomes.
We systematically searched all the useful studies in PubMed, Medline, Cochrane Library and Wanfang databases up to May 2019. The search terms are "single-incision" OR "single-site" OR "single-port" AND "colon cancer" OR "right colon cancer" AND "laparoscopic surgery". The detail strategies from PubMed are shown in Additional file 1: Table S1 .
According to our search strategy, we retained relevant literature and eliminated the duplicated records (Identification). After reading the titles and abstracts carefully, we removed the literature, which was inconsistent with our research (Screening). Based on the inclusion and exclusion criteria, we removed the non-NRCT and obtained the final studies for our research (Eligibility). We tried our best to obtain the most comprehensive information of the related articles. We removed duplicated studies, and studies with no SILS, CLS or laparoscopic approaches, and only focused on the right colon cancer. Reviews, letters, meetings, case reports, and no clinical controlled studies were excluded.
Inclusion and exclusion criteria
The studies were reviewed carefully according to the criteria as follows. The inclusion criteria were as follows: (1) the outcomes between SILS and CLS for right hemicolectomy in right colon cancer were compared, (2) only studies written in English were collected, and (3) RCNTs (retrospective comparative non-randomized studies), PCNTs (prospective comparative non-randomized studies), and comparative observational (cohort and case-control) studies were collected.
The exclusion criteria were as follows: (1) studies from the same center should be removed to avoid data duplication, (2) reports without a distinct group of right hemicolectomy in right colon diseases, or (3) the main outcomes were not clearly reported.
Data extraction and quality control
The literature was independently searched according to the rules of the Newcastle-Ottawa Scale (NOS) by two reviewers (XL and JXZ) independently [8] . The following data are shown in Table 1 , including study characteristics (the first author, publication data, study area, study type, size, and study quality) and patient baselines (age, gender, BMI, previous abdominal surgery, clinical stage, and anastomosis type). The incision length in the CLS group was the sum of all incisions. A third reviewer resolved all disagreements about the articles until a consensus was reached. We contacted the authors of the included studies with incomplete data but did not receive any additional information.
Statistical analysis
We used Revman 5.0 and Stata 11.0 to perform a metaanalysis by the standardized mean differences (SMD) with 95% confidence intervals (95% CIs) for continuous data and relative risks (ORs or RRs) with 95% CIs for dichotomous outcomes. The statistical heterogeneity was estimated by I 2 statistic and chi-square test. Begg's test and funnel plots were used to evaluate publication bias. When I 2 > 50% and Begg's test and the funnel plots indicated publication bias, random effects models were used. When I 2 < 50% and the funnel plot and Begg's test showed no publication bias, a fixed effects model was used. P < 0.05 indicated significant differences. A sensitivity analysis was conducted to decrease the impact of a single study.
Results
Study selection
We found 5637 related publications related to SILS and CLS from the database and deleted 3665 duplicated records. After we reviewed over all the titles and abstracts carefully, 1833 studies were deleted due to no SILS, CLS, or right colon cancer. Finally, a total of 1356 patients with right colon cancer in 9 English studies were included [9] [10] [11] [12] [13] [14] [15] [16] [17] (Fig. 1 ). The SILS group had 653 patients and the CLS group had 703 patients (Table 1 ). There was no significant difference in the baseline characteristics of patients (age, gender, BMI, ratio of pervious surgery, and clinical stage) of the patients. Quality assessment results
The quality was estimated according to the modified Newcastle Ottawa Scale (NOS). The study quality was low for 1 < scores ≤ 3, moderate for 4 < scores ≤ 6, and high for 7 ≤ scores ≤ 9. Seven studies had achieved scores of 7 to 8 with high quality, while other studies had moderate quality. The included NRCTs all had moderate-to high-grade quality, and the specific scores are shown in Table 1 . This study only included two prospective clinical trials. We did not find any RCTs related to this study after searching many studies.
Operative data Operation duration, blood loss, and incision length
Six studies reported complete data on operation duration. SILS was associated with significantly less operation time than CLS in the random effects model (SMD − 23.49, 95% confidence interval [CI] − 36.71 to − 10.27, P < 0.001, chisquare = 24.11, P < 0.001, I 2 = 79.8%, Fig. 2a ).
Depending on the available data from four studies, SILS had less blood loss than CLS without significant heterogeneity in the fixed effects model (SMD − 8.46, 95% CI − 14.59 to − 2.34; P < 0.05; chi-square = 2.26, P = 0.5, I 2 = 0%, Fig. 2b ) ( Table 2 ). SILS had a shorter incision length than CLS in the random effects model with high heterogeneity (SMD − 1.60, 95% CI − 2.66 to − 0.55, P < 0.001; chi-square = 280.44, P < 0.001, I 2 = 99%; Fig. 2c ).
Postoperative complication and postoperative complication (C-D grade)
All included studies reported postoperative complication and three studies reported postoperative complication (C-D grade). There was no significant difference in postoperative complication (OR 0.76, 95% CI 0.56 to 1.02, P = 0.07; chi-square = 2.27, P = 0.97, I 2 = 0%, Fig. 2d ) or postoperative complication (C-D grade) (OR 0.96, 95% CI 0.47 to 1.97, P = 0.92; chi-square = 0.23, P = 0.89, I 2 = 0%, Fig. 2e ) without statistical heterogeneity. The subgroup analysis revealed that postoperative complication was not associated with BMI.
Postoperative data Conversion rates and hospital stay
Seven studies reported the conversion rate and showed that SILS had a similar conversion rate as CLS (OR 1.62, 95% CI 0.94 to 2.80, P = 0.08; chi-square = 9.01, P = 0.17, I 2 = 33%, Fig. 3a) . A fixed effects model was used without significant heterogeneity. When BMI > 25, SILS had a higher conversion rate than that of CLS without statistical heterogeneity (OR 2.84, 95% CI 1.38 to 5.87, P = 0.005; chi-square = 1.15, P = 0. 28, I 2 = 13%, Fig. 3a) (Table 3) .
Compared to the CLS group, the SILS group had a shorter hospital stay (SMD − 0.76, 95%CI − 1.07 to − 0.45, P < 0.001; chi-square = 9.85, P = 0.08, I 2 = 49%, Fig. 3b ) in the fixed effects model.
Bowel movement, maximal pain score, and fluid intake
There was no significant difference in bowel movement (SMD − 0.06, 95%CI − 0.38 to 0.26, P = 0.72; chisquare = 6.39, P = 0.09, I 2 = 53%, Fig. 3c Fig. 4c ) of SILS showed the same result as that of CLS (Table 4) .
Local recurrence and metastasis
SILS had similar local recurrence (OR 1.47, 95% CI 0.50 to 4.29, P = 0.49; chi-square = 2.54, P = 0.28, I 2 = 21%, Fig. 4d ) and metastasis (OR 0.76, 95% CI 0.27 to 2.15, P = 0.61; chi-square = 1.76, P = 0.62, I 2 = 0%, Fig. 4e ) in the fixed effects model without significant heterogeneity.
Subgroup group analysis
The study by Chouillard contained 592 patients and could have an impact on the results. We removed this study and conducted the meta-analysis again. The results indicated that four indexes were different from the above results. Blood loss (SMD − 4.79, 95% CI − 12.88 to 3.29, P = 0.25; chi-square = 1.16, P = 0.82, I 2 = 0%, Fig. 5a ), incision length (SMD − 1.47, 95% CI − 3.32 to 0.38, P = 0.12; chi-square = 261.61, P < 0.001, I 2 = 99%, Fig. 5b ), lymph node dissection (SMD − 0.24, 95% CI − 1.93 to 1.46, P = 0.78; chi-square = 3.66, P = 0.45, I 2 = 0%, Fig. 5c ), and DSE (SMD 0.64, 95% CI − 0.89 to 2.18, P = 0.41; chi-square = 0.09, P = 0.96, I 2 = 0%, Fig. 5d ) were similar in the two groups. Other indexes were similar to the previous results, but the operation time (SMD − 18.41, 95% CI − 27.98 to − 8.84, P < 0.001; chi-square = 5.78, P = 0.22, I 2 = 31%, Fig. 5e ) for the SILS group was still better than that for the CLS group.
Sensitivity analysis
Based on the similar baseline characteristics, Begg's correlation test (complication, P = 0.34) revealed no clear publication bias. The sensitivity analysis showed that the good quality of research would not impact the final results.
Discussion
In the near future, minimally invasive surgery will become increasingly popular especially in colorectal surgery. This approach could reduce the length of incision and promote the rapid recovery of patients. Medical devices and levels have been developing and improving in recent decades [18] . Currently, an increasing number of laparoscopic surgeries have replaced open surgery. Doctors are also pursuing smaller incisions to solve more problems. Dong et al. had reported that SILS was better than CLS in some data for right colon diseases. We collected the evidence-based data to compare operative, postoperative, pathological, and mid-term outcomes between SILS and CLS in right colon cancer. The good quality of the included studies could provide reliable results. The results showed that SILS had a shorter operation time and incision length than CLS. The operation time for SILS was 23.49 min shorter than that for CLS and the incision length for SILS was 1.6 cm shorter than that for CLS. Due to the improvement in the device, SILS became easier than before. The cooperation of the surgical term was improved due to the high incidence of malignant tumors, and the surgeon was becoming increasingly skilled. The improved SILS port could contain more instruments, which could reduce the operation duration and incision length. SILS with a shorter operation duration and incision length may accelerate patient recovery, reduce postoperative pain, and promote early activities [19] .
SILS had less blood loss than CLS and it could be affected by the surgeons' experience and surgical skills of the surgeon and other factors. However, intraoperative blood loss was not easy to accurately measure, and the amount of bleeding in the SILS group was only reduced by 8 ml, which would not affect the postoperative recovery of the patient. Therefore, although this indicator was a positive result, it had no clinical significance. SILS also resulted in a shorter hospital stay than that with CLS, and we speculated a short incision could reduce the recovery time of patients and the length of hospital stay. Although the hospital stay after SILS was only shortened by 0.76 days, this effect shows a trend, and we hope that the hospital stay may be shortened significantly in the future. SILS had the advantages of incision length, blood loss, operation duration, and hospital stay. Bowel movement and pain score appeared to be the same in the two groups herein, but these indexes were not the same in the relevant studies [20] .
Due to obesity, vascular variation, narrow pelvis, and heavy mesentery, SILS would be more difficult than CLS [21] . The main reason for the high conversion rate was abdominal adhesion, especially in patients with a previous abdominal history (23.3% patients had an abdominal history). We found that the conversion rate of the SILS group with large BMI was higher than that of the CLS group, especially for patients with a large BMI (BMI > 25).
The complication rate was similar in the two groups. Three studies reported complication (C-D grade), and there was no difference between the two groups. We suspected that this effect was related to the suitable cases for SILS chosen by the doctor, and appropriate treatment options facilitated the operation smoothly and reduced the incidence of complications. Through the development of medical devices and technological advancements, the skills of the surgeon have become increasingly sophisticated with the increasing number of surgical procedures. Thus, the complication rate of SILS was similar to that of CLS [22] . The complication rate was the main contributor to surgical technique and operation time.
Due to the large specimen of the right colon, CLS needed to extend the umbilical incision to facilitate specimen removal. However, SILS with the single long incision in the umbilicus might be more convenient to remove specimens without increasing the length. SILS with a short incision length might reduce postoperative pain, promote early activities, and reduce the incidence of complication.
Six studies reported the type of ileocolonic anastomosis, and these studies were all extra-corporeal anastomoses. Three studies were end-to-end ileocolonic anastomoses, and three studies were end-to-side ileocolonic anastomoses. Lymph node dissection and PSE of SILS were better than those of CLS, and DSE tended to be the same in the two groups. In SILS, which had a larger incision than CLS, removing more of the intestine from the abdominal wall was easier and the surgical margin was better than those in CLS. Due to the short development time of SILS, a lack of clinical data might impact the results of distal metastasis and produce bias. We expected more clinical studies to further illuminate the relationship between the groups.
We removed a large study representing almost half of all patients and performed a meta-analysis again. The results indicated that four indexes were different from the above results. Blood loss, incision length, lymph node dissection, and DSE were similar in the two groups. After repeating the statistical analysis, the operation time in the SILS group was still better than that in the CLS group. Due to the large size of the single study, it may cause potential selection bias and affect the results of the study. After repeating the statistical analysis, the results of lymph node dissection, PSE, and DSE were similar to previous research [23] .
In addition, the results of this study might have several limitations. First, nine studies only contained a modest number of patients and all the included studies were not of the highest quality of evidence. All the included studies were comparative nonrandomized clinical trials, and no RCTs were included due to short development times. Second, one study contained almost half of all patients and affected the results. Third, different patient conditions and medical facilities could cause potential selection bias. In this study, there were only two European studies and fewer people with a large BMI. This potential selection bias could affect the final results. Finally, the long-term follow-up results were incomplete due to the short development of SILS. Only a few articles had reported recurrence and metastasis data between the two techniques, which would affect the follow-up outcomes. Furthermore, RCTs with long follow-up outcomes were necessary to compare SILS with CLS for patients.
Conclusions
In summary, this study had compared the reliability and safety of the SILS and CLS for the treatment of right
